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Abstract. We analysed the Spitzer maps of Stephan's Quintet in order to investigate the nature 

^^ I of the dust emission associated with the X-ray emitting regions of the large scale intergalactic 

r \ . shock and of the group halo. This emission can in principle be powered by dust-gas particle 

• ■ collisions, thus providing efficient cooling of the hot gas. However the results of our analysis 

1-Q \ suggest that the dust emission from those regions is mostly powered by photons. Nonetheless 

&^. dust collisional heating could be important in determining the cooling of the IGM gas and the 

Q ' large scale star formation morphology observed in SQ. 

^ ! 

^— i ' Keywords, galaxies: interactions, galaxies: intergalactic medium, infrared: galaxies: groups: 
^ ! individual(HCG92) 
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Most of the MIR and FIR dust emission from galaxies is powered by dust absorption 
of UV/optical photons coming from different sources, predominantly young stars in star 

^vf^ \ formation regions, more widely distributed older stellar populations and active galactic 
nuclei. However dust-gas particle collisions can also be important for the dust heating 

^^ \ in some cases. In particular, for gas densities ^ 10~^ — 10^ c'm~'^ and gas tempera- 

^vq ■ tures > 10^ K^ a range covering both the shocked interstellar medium (ISM) and the 
group/cluster intergalactic medium (IGM), collisionally heated dust temperatures are of 
order of ~ 10 — 10^ K. Therefore, emission from collisionally heated dust is predicted to 
_ peak i n the MIR/FIR ran^e , as in the case of dust heated by galaxy interstellar radiation 

rS ■ fields (IPopescu e^"an i2QQQV 



^ \ Dust-gas particle collisions are potentially very important for the cooling of hot ISM/IGM 

■ ■ gas. In fact, for a dust-gas mass ratio higher than ^ 10~^, the ^^du st cooling" of the 

hot gas predominates over standard bremmstrahlung cooling (see e.g. Montier fc Giard I 

[2004). How ever its efficiency is highly reduced by the rapid removal of dust through dust 

sputtering (JDraine fc Salpeter Ill979h . 



Ihe presence oi dust m the hot KjM oi groups and clusters has long be en searched to 
both in direct FIR emission (e.g. IStickel et at. I (|l998l ) , iGiard et at. I (|2QQ8l ) , iKitavama et 



20091 ) and through the attenuation of optical light from background galaxies and QSOs 
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(e.g. IChelouche et al. 1120071 ). Although good evidence for grains in the IGM has been 
found through the extinction technique, it has proven chahenging to detect IGM dust 
in the FIR. This is largely due to the need for extreme detector stability to measure 
faint extended structure in well resolved clusters, or, conversely, due to confusion with 
foreground cirrus emission and emission from late type member galaxies in more dis- 
tant clusters with smaller angular extent. These problems are alleviated in the case of 
the two X-ray emitting regions in the Stephan's Quintet compact group of galaxies (SQ, 
distance=94 Mpc)^ the so-called "shock region" and the group halo, which are sufficiently 
resolved to differentiate between galaxies and IGM emission while at the same time being 
not overly extended from the point of view of detector stability. 




, visible also as Ha recombination line (iXu et 



The shock region is an X-ray emitting linea r feature of leng th ^ AOkpc (ITrinchieri et al.l 

1 19991). ra dio continuum ( Williams et 



), warm H2 infrared line emission (jCluver et al. II2OIOI ). Physically, the unusual 



multi-phase state of the emitting gas has been interpreted as the result of a high-speed 
collision between th e ISM of the intruder galaxy NGC7318b and a gaseous tidal tail in 
SQ IGM (Sulenti c et al. 11200 1) . Since these two colliding regions of gas are, in this inter- 



pretation, both of galaxian origin, they were plausibly dusty before the collision heated 
them to high temperatures. Collisionally-heated dust is therefore expected in the post- 
shock gas, if dust sputtering has not already completely removed all the dust originally 
present in the pre-shock gas or if efficient dust injection sources are present. 
As already mentioned, the compactness of SQ also allows an attempt to measure the 
dust emission associated with the group halo. Here the gas is expected to be largely 
pristine in nature, without having been processed in the ISM of a galaxy. However, dust 
may still be present if injected into the IGM, for example from halo stars which have 
been tidally removed from the galaxies, together with ISM material. On sufficiently large 
time scales these stars are expected to become decoupled from the tidally removed ISM 
through hydrodynamical interactions between ISM and IGM gas, leaving a population 
of intergalactic stars in direct contact with the hot IGM. 

In this proceedings paper we present some of the results of the analysis performed by 
[Natale et al. I (|2010l ) (NAIO) on the Spitzer data of SQ. A more complete description of 
the details of this work can be found directly in that paper. 







Figure 1. A multiwavelength view of Stephan's Quintet. Top-panels: SDSS r-band, GALEX 
FUV, VLA 21 cm line, XMM-NEWTON soft X-ray Bottom-panels: Spitzer IRAC 8 /im and 
MIPS 24, 70 and 160/im. 
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2. The dust emission from X-ray emitting regions in Stephan's 
Quintet 

Fig. [1] shows a multiwavelength view of SQ. In the upper row, one can see the stehar 
distribution, as traced by the SDSS r-band and GALEX FUV maps (note that NGC7320 
is a foreground galaxy), the cold HI distribution (VLA 21cm line) and the soft X-ray emis- 
sion (XMM-Newton). These maps can be used to compare the stellar and cold Hi/hot 
gas distribution with the PAH/dust emission morphology shown in the lower panels, 
presenting the Spitzer maps at Sjam (IRAC, stellar light subtracted), 24 jam ^ 70 jam and 
160/im (MIPS). An accurate description of the Spitzer maps can be found in NAIO. Here 
we simply point out that, by looking at the FIR 70 and 160/im maps, the emission from 
the shock region becomes more predominant and there is a hint for the presence of an 
extended FIR emission spatially coincident with the X-ray halo. 

To better understand the origin of the dust emission apparently associated with X-ray 
emitting regions, we developed a simultaneous multi-source fitting technique to remove 
the sources associated with star formation regions and galaxies in SQ. After the removal 
of those sources, we obtained FIR residuals maps at 70 and 160 jam ^ which are shown 
in Figl2] as contours overlaid on the VLA HI map, the XMM-Newton soft X-ray map 
(point source subtracted) and the GALEX FUV map. The FIR residual emission is dom- 
inated by emission from the shock region, but it also presents an extended FIR emission 
distribution, apparently associated with the halo of the group. The multiwavelength com- 
parison in Figl2] shows that the residual FIR emission is not associated with HI, but is 
very well correlated with X-ray emission instead. This is consistent with the hypothesis 
of collisionally heated dust emission. However the comparison with the UV map shows 
that there are many UV sources at the same positions, which can potentially heat the 
dust as well. These rather contradictory evidences can be clarified by fitting the dust 
emission SEDs with dust emission templates, as described in the next section. 




Figure 2. Contours of the FIR residual maps at 70 (upper row) and 160 /jm (lower row) overlaid 
on the HI distribution (VLA, left), the point source subtracted soft X-ray map (XMM-Newton, 
center) and the FUV map (GALEX, right) 



3. The dust emission SEDs in the shock and halo regions 

As shown in NAIO, we performed the fit of the dust emission SEDs from the shock 
and from the halo regions ("the extended FIR emission") in two ways. A first attempt 
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Figure 3. Dust emission SED of the shock re- 
gion. The upper panel shows the fit using a colh- 
sionally heated dust emission template and a star 
formation region template. The lower panel shows 
the fit using a diffuse photon-heated dust emission 
template and a star formation region template. 



Figure 4. SED of the extended dust emis- 
sion. The panels show the fits performed 
with the same kind of templates used for 
the fitting of the shock region dust emis- 
sion SED (see Fig. 3) 



to fit the observed SEDs (see Fig. [3] and IH upper panels) has been performed by using a 
combination of a template for collisionally heated dust emission (with plasma parameters 
fixed to those derived from the X-ray measurements), used to fit mostly the FIR, and a 
template for warm dust emission for star formation regions, used to fit mostly the MIR 
emission. We obtained a good fit for the MIR/FIR continuum (A ^ 24/im), but failed 
to account for the observed 8/im emission. The emission in this band is known to be 
dominated by PAH line emission. These molecules are extremely frag;ile when embedded 
in an environment at temperatures of order of 10^ K (' Micelotta et a/.l 120101 ). Therefore 
the relatively high level of observed 8/im emission suggests that a large fraction of the 
emitting dust is actually embedded in a cold gas reservoir. In the second attempt, shown 
in the lower panels of Figl3] and HI we replaced the template of collisionally heated dust 
emission with a template for a purely photon heated emission component, calculated as 
a function of combinations of the ambient optical and UV radiation fields. We found 
that, using those templates, one is able to fit very well the entire dust emission SEDs. 
These findings, combined with simple estimations of dust injection rates in the hot gas of 
the shock and of the halo, support the interpretation that photon heating of dust has a 
major role in powering the observed MIR and FIR emission. However the few percent of 
total FIR luminosity that can be powered by collisional heating can still be a dominant 
cooling path for the hot IGM gas (see NAIO for details). 



4. Conclusions and final remarks 

Our analysis of the Spitzer data of SQ has shown that most of the dust emission as- 
sociated with the X-ray emitting shock and halo regions is heated by photons rather 
than by gas-dust particle collisions, with a major component of the emitting dust being 
embedded in a cold gas phase (traced by the 8/im PAH dust emission). This implies a 
multi phase medium in which cold infrared emitting clouds are embedded in the hot X- 
ray emitting plasma. In the case of the shock region, one possibility is that the emitting 
dust (whose mass is Md ^ 4 x 10^ ^ ^^ ^^ mainly in the massive amount of molecular gas 
recently detected bv lGuillard et al l l2012): Mh2 ~ 4 x 10^ M©. If these cold molecular 
clouds, presenting low level of star formation, are optically thin then the dust emission 
can be powered by the external radiation field produced by the surrounding stellar pop- 
ulations and the shocked gas. However, in an opposite scenario of optically thick clouds, 
a component of in-situ star formation would be necessary to account for the complete 
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shock region SED. 

In the case of the halo, the presence of widespread compact MIR sources far away from 
the galaxy mainbodies suggests that a substantial part of the FIR extended emission we 
detected is powered by an extended star formation pattern in SQ. The large scale corre- 
spondence between FIR and X-ray emissions might be explained if there is distributed 
star formation fuelled directly by the cooling of the X-ray halo. This alternative scenario 
is potentially very important to understand the fuelling of star formation in groups and 
cluster, and will be further investigated in the context of SQ and other groups. 
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